The tomb of Ptahmes, the mayor of Memphis under Pharaohs Sethi I and Ramses II (i.e. between 1290 and 1213 BCE), was fi rst discovered and partially excavated in 1885. Despite its considerable size, spanning 70 metres in length with its several chapels, it was lost in the shifting sands by the end of the 19 th century. After its rediscovery in 2010, archaeologists started comprehensive excavations and investigations. Among many other things, they discovered a large number of broken jars resting in a corner. One of them contained a white residue, which they suspected might have been cheese.
In its present state, however, the white mass hardly qualifi es as cheese, as it consists mainly of sodium carbonate, the fi nal decay product of the fatty acids kept in alkaline humid conditions for more than 3,200 years. Using liquid chromatography and mass spectrometry, Enrico Greco from the University of Catania, Italy, and colleagues could detect peptide fragments indicative of dairy products of mixed origin, derived from both cow milk and sheep or goat milk (Anal. Chem. (2018) 90, 9673-9676) .
The claim that the pottery contained a solid product is supported by a piece of fabric found nearby and assumed to have covered the vessels. Of interest for the history of zoonotic diseases is the discovery of peptide fragments linked to the pathogen Brucella melitensis, which can be transmitted to humans with the consumption of raw milk or dairy products -the resulting disease is known as brucellosis. This is the earliest evidence of Brucella occurring in a human context.
A press release widely echoed in the news media claimed this white mass to be the oldest cheese in the world, but, even if this claim were justifi ed, the presumed record turned out to be short-lived. A report published two weeks later shifted the origins of cheese back in time by 4,000 years.
Dalmatian dairy
While the Egyptologists were at work at Memphis, other archaeologists on the other side of the Mediterranean were excavating two Neolithic villages on the Dalmatian coast (today's Croatia) and also looking for evidence of dairy products. Excavations at the villages of Pokrovnik and Danilo Bitinj, which were occupied between 6000 and 4800 BCE, yielded several distinctive types of pottery. These include Early Neolithic Impressed Ware, appearing from 6000 BCE, as well as, in the Middle Neolithic, the more refi ned and regionally specifi c Danilo pottery from 5400 BCE.
These come in three types. The more refi ned fi gulina vessels were carefully crafted, fi red at high temperatures, a process that naturally produces a buff colour, and often painted. The distinctively shaped rhyta (singular: rhyton) are vessels that stand on legs and have a large round opening to one side as well as a handle at the top. Middle Neolithic farmers also made clay sieves by drilling holes into coarse vessels.
In their analyses of the lipid residues found on these pottery items, Sarah McClure from Pennsylvania State University, USA, and colleagues used carbon isotope analyses, relying on the ways plants, animals, and indeed cheese making subtly shift the ratios between stable carbon isotopes (PLoS ONE (2018) 13, e0202807).
Like in today's agriculture in southeastern Europe, the nutrition of domesticated animals must have been dominated by C 3 plants, such that experimental analyses of isotope partitioning in today's ruminants can serve as a model for the prehistoric ones. Compared with the body fat associated with the muscle tissues that might end up as meat on the plate, milk fat is known to be enriched in the less prevalent carbon isotope 13 C by 2 parts per thousand. By contrast, lipids in cheese are depleted in 13 C by 2 parts per thousand compared with body fat.
Based on this isotopic fi ngerprint, McClure and colleagues could show that the different types of pottery found at the villages held different kinds of food, and they could specify a time for the appearance of milk and cheese.
Milk was already present in the earliest pottery found at the sites, the Impressed Ware, which was dated to 5700 BCE. This is consistent with the even earlier evidence of milk use from Anatolia, going back to the seventh millennium BCE (Nature (2008) 455, 528-531).
Feature

On the origins of cheese
Traces of Neolithic cheese discovered on the Dalmatian coast push back the origin of cheese making in Europe to a time long before the arrival of lactose tolerance genes. Thus, prehistoric cheese may have helped to bring about a major shift in nutrition and genetics. Michael Gross reports. fermented milk fats, such as cheese. These fi nds are contemporary with the spread of farming in central Europe.
Remarkably, residents of the Dalmatian villages appear to have taken up cheese making some 500 years after starting to store milk in vessels. Culinary aspects apart, this is of interest because it happened long before the genetic mutation allowing adults to digest the milk sugar lactose started to spread across Europe.
Spreading tolerance
Most Europeans maintain the ability to digest lactose in adulthood. Thus, science at fi rst considered this the normal situation and described the lactose intolerance observed in some Asian populations as a genetic defect. Only in the mid 20 th century, when food manufacturers tried to market Europeanstyle food globally, it became obvious that the majority of the world population is not lactose tolerant.
In fact, the tolerance trait is the deviation from the shared ancestral genome and evolved several times in different parts of the world. Like the spread of "vegetarian genes" and "seafood genes" (Curr. Biol. (2017) 27, R731-R733), this phenomenon has the potential to reveal how human nutrition shaped our genetics and vice versa.
A comprehensive study of the genetic traits associated with the persistence of lactose tolerance in various African populations revealed a complex picture. Alessia Ranciaro from the University of Pennsylvania at Philadelphia, USA, and colleagues studied hundreds of individuals from dozens of separate populations (Am. J. Hum. Genet. (2014) 94, 496-510) . They confi rmed the link of the lactose-tolerant trait with three genetic variants that were already known, identifi ed two additional variants also linked to it, and detected an eastern African origin for the variant that is commonly responsible for lactose tolerance in southern Africa.
However, the researchers also came across a number of issues that still need to be resolved. They found lactose tolerance in adults that carry none of the known genetic mutations, leaving the possibility that more genetic variations are awaiting discovery. Alternatively, specially adapted gut microbiota could help these people to digest lactose.
As for the evolutionary origins of lactose tolerance, the authors conclude that their fi ndings are consistent with a model of strong recent positive selection in favour of certain tolerance variants. The timescales are consistent with the selection being linked to the development of pastoralism. However, the study also found functional evidence of lactose tolerance in 47% Finds dated to 5200 BCE show the diversifi cation of use. All of the eight fi gulina vessels the researchers tested yielded evidence of fats from unfermented ruminant milk. All but two of the coarser Danilo wares showed traces of meat or fi sh. And three out of four rhyta showed evidence of This, the authors speculate, could be related to a less widely known second function of the lactase enzyme, that of a phlorizin hydrolase. Phlorizin, the glucoside of the phenol-based compound phloretin, is a bitter natural product found in the bark, stems and roots of fruit trees from the Rosaceae family, such as pear, apple, or cherry. It has been used as traditional medicine to treat fever and infectious diseases, particularly malaria. Thus, an ability to metabolise this compound may have had survival benefi ts in Africa, suggesting that the prevalence of the lactose-tolerance trait is not exclusively shaped by dairy use.
In Europe, the genetics may be simpler, but the timetable has been revised a few times. In a study of skeletal remains excavated in 1989-1990 at the medieval town of Dalheim, Germany, and dated to 950 to 1200 CE, the group of Christina Warriner at the University of Zurich, Switzerland, confi rmed that lactose tolerance was as common there 1,000 years ago as it is today (PLoS ONE (2014) 9, e86251). This appears to be more representative of Europe in general than a previous study in Hungary, where the medieval prevalence of lactose tolerance was much lower than todaya discrepancy likely related to the specifi c ethnic background of Hungarians.
Before the advent of ancient DNA studies, a widely held but unproven assumption was that lactose tolerance was spread in Europe by the arrival of farming. However, in a study of 101 genomes of Bronze Age (3000-1000 BCE) Eurasians, the group of Eske Willerslev from the University of Copenhagen, Denmark, showed that, among the individuals sampled, only 10% of Europeans carried the trait (Nature (2015) 522, 167-172) .
The highest prevalence of tolerance detected in that study was found among the Yamnaya of the Eurasian steppe, and the highest within Europe was among the Corded Ware cultures. At the same time, the group of David Reich at Harvard University, USA, has provided evidence of the Yamnaya expansion into Europe, and linked it to the Corded Ware cultures (Nature (2015) 522, 207-211) . This expansion is now considered to be the most likely route for the arrival of Indo-European languages in Europe around 4,500 years ago (Curr. Biol. (2018) 28, R679-R682).
Thus, it appears that most modern Europeans owe the Yamnaya not only their languages but also the ability to enjoy dairy products in adult life.
Cheese paves the way
If lactose tolerance arrived with the Yamnaya, this means that our dairy producers living on the Dalmatian coast around 3,000 years earlier were likely lactose intolerant. As McClure and colleagues discuss in their paper, this apparent contradiction raises a number of interesting issues.
Starting around 7,700 years ago, and following the example of earlier Anatolian farmers, the Neolithic Dalmatians can have used the milk they kept in the Impressed Ware vessels only for very young children. Providing them with milk after weaning will have improved children's survival rates. They may also have used milk to wean children earlier, which would have decreased intervals between births. Both effects may have boosted population growth and thus favoured populations that did use milk over those that didn't.
Then, 500 years later, with the start of cheese production, the milk was not only converted into a more durable and even transportable form, but the process also reduced its lactose content and thus extended the age range in which children could benefi t from the nutrients such as calcium. Intriguingly, cheese making appears to have paved the way for dairy use in Europe long before the lactose tolerance gene arrived from the Eurasian steppe.
Cheese making evidence in the sixth millennium BCE has also been reported from a site in Poland (Nature (2013) 493, 522-525). A new report published as this article went to press reveals even earlier traces of cheese making in Anatolia (modern-day Turkey). Studying protein residues on jars found at Çatalhöyük and dated to 5900-5800 BCE, Jessica Hendy from the Max Planck Institute for the Science of Human History at Jena, Germany, and colleagues discovered that one vessel seems to have been used specifi cally to keep the whey portion of milk (Nat. Commun. (2018) 9, 4064). The timing suggests the technology of making cheese may have spread into Europe via Anatolia.
Much later, when the Yamnaya brought the tolerance genes to a farming population already producing dairy for their children, it is easy to imagine how the additional benefi ts provided by lactose tolerance created the current situation where most European adults can enjoy their milk as well as a huge variety of cheese.
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